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HLA DQbeta DNA Typing 

Cross-Reference to Related Applications 
This application is a continuation-in-part of copending Serial No. 632,180, filed 
December 21, 1990, which is a continuation-in-pait of copending Serial No. 491,210, 
5 filed August 15, 1989, which is a continuation of now abandoned Serial No, 899,344, 
filed August 22, 1986, which is a continuadon-in-part of now abandoned Serial No. 
839,331, filed March 13, 1986, each of which is incozporated herein by reference. 

Background of the Invention 

Field of the Invention 

10 This invention relates to methods and compositions for determining the HLA 

DQB (DQbeta or DQp) genotype of an individual. In a preferred embodiment, the 
invention relates to gene amplification methods disclosed and claimed in U.S. Patent 
Nos. 4,683,202; 4,683,195; and 4,965,188. The methods and probes of the invention 
specifically relate to the detection of the polymorphic alleles of the Class IT HLA DQB 1 
1 5 grae. Particularly, the presence or absence of particular HLA DQB 1 alleles serve as an 
indicator of susceptibility to insulin-dependent diabetes mellitus (IDDM). Thus, the 
invention relates to the fields of molecular biology, diagnostic medicine, and forensics. 

Description of the Related Art 

The Qass 11 loci of the human major histocompatibility complex encode die 
HLA D cell surface glycoproteins which are expressed on B lymphocytes, activated T 
lymphocytes, macrophages, and dendritic cells. These proteins, which are individually 
designated DR, DQ, and DP, are heterodimers composed of an alpha and a highly 
polymoiphic beta subunit and axe responsible for the presentation of antigens to T cells. 
The variability in the highly polymoiphic beta subunit is localized to the-amino-terminal 
extracellular domain, which is thought to interact with die T cell receptor and antigen 
peptide fragments. Recognition of die HLA glycoprotein/peptide fiagment complex by 
the T cell receptor of CD4 lyiiq)hocytes leads to T cell activation (Babbit £i ai-t 1985, 
liianirs 211:359-361; Buusfitfil.. 1987, Sfimcfi 225:1353-1358; Guilletfiial., 1987, 
Science 235 :865-870: and Sette fit fll., 1Q87. Nature 328 :395-399^. The genes 
encoding the Qass n HLA proteins are located on the short arm of chromosome six in 
humans. These genes are highly polymorphic with most of the sequence defined 
polymorphism being localized to the second exon. The structures, sequences, and 
polymorphisms in the HLA D region have been reviewed in Trowsdale si M-. 1985, 
Immunol , Rev. jg5:5-43, incorporated herein by reference. 
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The polymorphism of tfie HLA D region gene product has. in general, been 
defined by serologic typing reagents and by die mixed lymphocyte culture (MLC) 
reaction in which T ceU pioliferation in response to homozygous typing ceUs (HTC) is 
measured in culture. Polymorphism at the HLA DQB 1 locus has been detected using 
5 serologic Qping reagents that define die spedfidties DQwl, 2, 3, and 4 (WHO 

Nomenclanire Committee. 1990). TTie specificity DQwl has been subdivided recently 
into the serologic subtypes DQw5 and 6. and DQw3 has been subdivided into DQw7. 
8. and 9. In routine typing, however, only die DQwl. DQw2, and DQw3 specificities 
are distinguished. 

10 CeUular (see Odum ^at. 1987. Antigens 22:101-109). biochemical (see 

Lotteau £t ai.. 1987. Tmmnnogenetics 2S;403-407). and restriction fiagment lengtii 
polymorphism (RFLP. see Hyldig-Nielsen ^al.. 1987, BaSL- ISaH- Asad. Ssi- USA 
M: 1644-1648 and U.S. Patent No. 4.582.788, incorporated herein by reference) 
analyses have indicated tiiat the degree of pdymotphism in the HLA region maybe 

15 mcae extwisive than serological and immunological meUiods indicated. The RFLP 

q>pioach is useful for identification of seven DQ specifidties. 

However, tiie RFLP technique has certain limitations. An allele carrying a 
variant sequence is identifiable only if die variant nudeotide is witiiin die recognition 
site of a restriction enzyme used in die analysis or if a polymorphic restriction site is in : 

20 linkage disequiUbrium witii a specific coding sequence variation. In addition, RFLP 
analysis simply provides evidence tiiat a coding sequence variation exists but does not 
provide infonnation on die exact nanire of die variation. Moreover, die mediod is \abdr 
intensive and requires large amounts of high molecular weight DNA. This latter 
lequiiement often rules out die use of samples virhich have been kept under conditions 

25 that cause the degradation of genomic DNA. 

Accurate DQ typing vrill be inqxatant in several medical applications. " 
particulariy in die fieki of organ transplantation. Typing is also useful in die study of 
die molecular basis of disease susceptibiliOf. In particular, specific alldes of DQB 1 and 
DQAl serve as indicators for susceptibility to insulin-dq)enderit diabetes mellims 

30 ODDM, Todd £iM., 1987, liaiurs 222:559-604; Horn fital-. 1988, Eeqc UsSl- Afiad- 
Sfi. USA 85:6012-6016; and Todd fital.. 1989, NfttHTg 338:587.) 

The advent of die polymerase chain reaction (PGR) has fadlitated die analysis 
and manipularioh of complex genomic DNA. The PGR process enables one to amplify 
a ^icdfic sequence of nucleic acid starting from a voy ccanplex mixnire of nucleic 

35 acids. This process is more fidly described in U.S. Patent Nos. 4,683,195; 

4.683,20% 4,889,818; and 4,965,188. and European Patent Publication Nos. 237.362 
and 258.017. each of which is incorporated herein by reference. 
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The PGR process has also facilitated typing the Class n HLA DNA of an 
individual. Scientists have studied the polyoaoiphic second exon of DRB loci in 
genomic DNA by designing oligonucleotide primers and using those primers to amplify 
the sequences of interest See the article entitled "Sequence analysis of the HLA DRB 
5 and HLA DQB loci from three Pemp hi gus vulgaris patients" by Scharf £t si-, 1988, 
Hum, Immunol. 22:61-69. PGR based methods for HLA DP typing are described in 
copending Serial No. 347,506, ffled May 4, 1989, and for HLA DR typing in Serial 
No. 623,098. filed December 6, 1990, both of which are incorporated herein by 
reference. 

10 When the primers contain restricdon en;gane recognition sequences, the 

amplified DNA can be cloned direcdy into sequencuig vectors, and the nucleotide 
sequence of the amplification product can be readily determined. See the article enntied 
"Direct clcnung and sequence analysis of mzymatically amplified genomic sequences" 
by Scharf £tal., 1986. Science 233 : 1076-1078. 

15 The amplified DNA can also be smdied by detection methods that employ 

sequence-specific oligonucleotide (SSO) probes. See the article entitied "Analysis of 
enzymatically amplified beta-globin and HLA DQa DNA with allele-specific 
oligonucleotide probes" by Saiki si M*. 1986, Namre 324: 163-166. The study also 
describes a dot blot technique to detect probe hybridization to the sample nucleic acid. 

20 The present invention meets die need for an efficient, informative DQB 1 DNA 

typing method by providing novel processes and reagents. These processes and 
reagents have led to the discovery of previously unknown DQB 1 alleles that can also be 
. typed and identified by the present method. 

The present typing system can be used to type cDNA synthesized from mRNA 

25 and to type and study the expression of DQB 1 alleles in tissues, transgenic systems, 
disease states, and cells lines. Cells that do not express the DQ antigens or show 
unusual seroreactivity, such as tunx>r cells, can be readily typed. Moreover, samples 
from unusual sources, e.g., ancient DNAs or forensic samples, can be typed, even 
when the DNA sample is degraded or when only veiy small quantities are available for 

30 analysis. 

Because PGR can aiiq>lify a fragment of target DNA over a ntillion-fold, and 
because the present system caii employ PCR-generated nucleic acid, radioactively 
labeled probes are not necessaiy, and nonisotopic SSOs covalentiy coupled to non- 
radioactive labels such as horseradish pmxidase (HRP) provide sufficient sensitivity 
35 for detection. The presence of the specifically bound HRP-labeled probe can be 

detected in a simple dot blot fonnat by chromogenic dye or chemilununescent substrates 
in a matter of minutes. 
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f^pmmarv of the Invention 

Tlje present invention provides anq)li£ication and detection mtthods. generic 
and locus-spedfic amplification primers, and nonisotopic SSO probes that together 
provide a lapd. simple and precise system for typing the HLA DQB 1 alleles, including 
5 those that caimot be distinguished by serological methods. 

In one a^iect. the present invention provides a metiiod for determining tiie 
DQB 1 type of nucleic acids in a sanaple. which method comprises (a) amplifying DQB 1 
gene second exon sequences; (b) hybridizing any amplified nucleic add vritii a set of 
oUgonucleoride probes under conditions such tiiat only probes hybridized to exactiy 
10 complementaiy sequences can remain stably bound to tiie amplified DMA; and (c) 
determining whether amplificaticn has occurred. 

In anotiier aspect, die present invention provides a number of oligonucleotide 
primers for use in the present mediod. The primers can be specific for all of the alleles 
of the DQBl gene, in which case die primers do not amplify alleles of closely related 
15 genes such as DQB2 (DXB) of tiie DPBl and DRB genes. The primers can also be 
specific for certain groups of alldes of a specific gene. 

In anotiier aspect, tiie present invention provides oHgonucleotide probes for 
detecting tiie presence and detemoining tiie type of DQBl alleles in a sample. The ' 
probes can be labeled, witii dtiier radioactive or nonnufioactive labels, or attached to a 

20 solid support, or both. 

In a final aspect, tiie present invention provides kits for practicing tiie present 

invention. Such a kit conqirises one or more oligonucleotide probes of die invention. 

Optionally, a kit can furtiier comprise amplification reagents. If tiie amplification 

metiiod of choice is PGR, such reagents include oligonucleotide primers, but in some 
25 kit fbimats, a tiicnnostable polymerase and/or deoxyribonudeoside triphosphates will 

also be useful to the practitioner. 



Rgurc 1 shows flie analysis of DQBl and DQB2 ooampHfication, as described 
inExanq>le2. 

30 Figure 2 shows tiie results of die pon-radioactive HLA DQBl typing system, as 

described, in Example 4. 



pfjaaiption 



The present invention provides an HLA DQBl typing system and sequence 
specific oUgonudeotide probes (SSOs) for analyzing DQBl alldes. The invention also 
35 provides novel primers tiiat fadUtate accurate typing. The invention can be used to type 
heterozygous samples fiom a variety of sources, induding cDNA templates, and can be 
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used to detect allelic variants not distinguishable by serological mediods. This typing 
system utilizes a dot blot fonnat that is simple and rapid to perform, produces de t ecta b le 
signals in minutes, and will prove valuable for tissue typing and determining individual 
identity and disease susceptibility. The method is also suitable for identifying 
5 previously unreported DQB 1 alleles. 

In a prefemed embodinient, the invention provides a meAod for distinguishing 
between any of IS HLA DQBl alleles present in a sanQ)le. In this method, only 16 
SSOs and one prim^ pair are required. These coiiq)ositions and methods enable 
resolution of 1 17 of the 120 possible DQB 1 genotypes. Preferably, the SSOs are 
10 horseradish peroxidase conjugated-SSOs (HRP*SSOs). 

The diversity of DQB lod and tHfe large number of alleles at these loci in the 
population make difficult the process of identifying the particular DQB lod and alleles 
&om which a nucleic acid in a saniple originates. The present invention allows one to 
' make this determination with great specificity and so can be used to identify the 
15 particular individual &om whom a sample was taken. This discrimination power in 

turn leads to the applications of the invention in the field of forensic science. 

Because PCR, or other amplification processes, can be used to amplify very 
small amounts of DNA (or degraded DNA), the present invention can be used to Q^pe 
HLA DQBl firom unusual sources such as a buccal swab, a single hair, and even DNA 

20 firam preserved ancient specimens, so as to allow analysis of the alleles from prehistoric 
sources, e.g., early hominids. 

Prior to the invention, sequence analysis of human DQBl alleles had identified 
IS different amino add sequences (Erlich fit al., 1991,Dial2afiSidQ(4):478-481, 
Bugawan fitflI-« 1991, Immunogenetics 21:163-170, Horn sLSl-^ 1988, Proc. Natl 

25 Acad. 1ISAM:6012-6016; Scharf fiial., 1989, EcQC- Nail. Asad- Sd- USA 
M:6215-6219; and Fronek fit aIm 1988, Am- 1- Mfid- fiS(Suppl 6A):42-44). PCR 
amplification has also made possible the phylogenetic analysis of DQP polymorphism 
in primates (Gyllensten and ErUch, 1989. Eeqc. liafl. Afifld. Sa. USA 56:9486-9990), 
levealing four major allelic lineages or Qrpes: DQpla (conesponding to DQwS), 

30 DQplb (corresponding to DQw6), DQp2, DQp3, and DQp4. These aUelic types 
preceded spedaticHi and were presrat in the ancestral species that gave rise to the 
hcKDinoid lineages. The IS human DQBl alleles cunentiy known appear to have 
undergone nxne recent diversification within these ancient lineages or allelic types 
(Gyllensten and ErUch, 1990, Proc . JisSl Afifid- Sci- I2SA 22:1835- 1839). 

35 The allelic sequence diversity at the DQBl locus is considarably greater (15 

alleles) than the number of cunentiy detectable serologic specificities (n=7). In 
particular, diere are nine differmt DQB 1 alleles that type soologically as DQw 1 and as 
the subtypes DQy/S or Dw6. Polymorphism not detectable by serology can have 
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piofoiind biological significance. For example. DQB1*0503 (Asp-57) and *0501 (Val- 
57) and *0502 (Ser-57) differ by only one residue and type as DQw5 but DQB1*0503 = 
confers a high risk for Pffpir^rifos vulgaris while the other alleles do not (Schaif si M-. ; 
1988. SHBO). The present simple, rapid, and precise method of typing DQBl 
5 ptdyiorphism will be valuable in the areas of disease susceptibility, tissue 
transplantation, individual identification, and anthropological genetics. 

The research potential of the present invention should in no way obscure the ; 

immediate clinical applications. The genes and gene products of the MHC play a 
central rote in the immunological state of an individual, and particular MHC gene 
10 products are associated with disease resistance and suscqjtibility. Because the present 
invention allows the determinaiion of the MHC DQBl gene products in a sample. *e 
invention also has ^plications in the field of medicine, particularly for diagnostic 

methods. Tvxm 
The present method is suitable for DNA typing samples that contain no DQBl 
15 protein products. Because one can perform DNA typing by amplifying cDNA 

synthesized ftom mRNA. the present method fiidUtates the study of the expression of 
HLA DQBl fem various cells or tissues and can be used to determine if there is an 

association between HLA DQBl expression and suscqitibility to transformation, 

autoimmuniQr, or other health conditions. 
20 In another aspect, the present invention relates to methods for detcmiimng 

susceptiWUtytoIDDM. IDDM is a chronic autoimmune disease in which the regulauon 
of glucose metaboUsm is dysfunctional due to flie immunological destruction of the 
panaeatic islet beta cells which produce insulin (Eisenbartii. 1986. U. Engl. I- Mfii 
314. 1360-1368). IDDM, as well as many otiier autoimmune diseases, has been 

25 associated with serologically defined alleles of die HLA Qass H antigens (Svejgaard ; 
fit at, 1983, Tfnmunol. BSL- 20:193-218. and Tiwari and Terasaki. ff-AandPlW^ 
AssfljaatiSffiS [1985, Springs, New York, NY]). 

In population studies, tiic serological types HLA-DR3 and DR4 are posmvely 
associated and DR2 is negatively associated with IDDM. In addition, tiie analysis of 

30 patterns ofHLAhaptotype sharing among affected ahlii« pairs Clliompson and 

Bodmer, pp. 84-93. eds.. pr a «nd Disease. Dausset and Svejgaard, Copenhagen. 
Munksgaard. 1977), and disease and HLA linkage in femilies. has impUcated loci in the 
HLA region on chromosome 6 in IDDM suseeptiWlity. To date, die unusual DR2 
haplotypes identified in rare DR2 IDDM patients differ at both the HLA DRBl and . 

35 DQB 1 loci fiom the common DR2 h^totypes that confer resistance to diabetes (Todd si 
, , jj^niTR '^'^a.Koa.AnA' Hnm et al.. 1988. Proc. Hail.. Acad . 



55:6012-6016; andEriichfital., 1990. ^absiSi 22:96-103). 
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The present invention provides means for discerning the role of the DQB 1 locus 
in IDDM resistance. Example 5 describes the application of the present method for 
characterizing the second exon of die DQBl genes of a particularly unusual IDDM 
family. The example also describes the analysis of DRl and DR2 haplotypes (see 
5 Erlich £t M-» 1991 , Diabetes 4Q(4):478-48 1, incorporated herein by reference). In this 
family, all three siblings who inherited the unusual mateaiud DRl and unusual paternal 
DR2 haplotypes have IDDM, demmstrating that the ccnnbination of these two 
haplotypes is responsible for the hi^ penetrance of diabetes seen in this family. 

The plication of the presmt methods and compositions provides means for 

10 advancing the understanding of disease susceptibility factors* In addition, the 

discriminating power of this system will be valuable in typing potential transplantation 
donors, where veiy precise HLA DQBl matching is critical in minimizing risk of 
rejection or graft versus host disease. See the related article entitied "Mixed lymphocyte 
reactions for individuals with phenotypic identity for specific HLA B, DR determinants: 

1 S The role of linkage disequilibrium and of specific DR and other Class n determinants'* 
by Pollack £1 al.» 1983, 1. Qin. ImmunoL 2:341-351. Disease susceptibility studies 
have shown diat single nucleotide differences in the DQP alleles can be medically 
significant See the article entitied "Specific HLA DQ|3 and HLA DR^l alleles confer 
susceptibility to Pemphip us vulgaris " by Scharf si Sl-t 1989, Proc , Nad . Acad . Sci- 

20 USA 86:6215-6219. 

In addition to the above benefits, the preset invention also provides methods 
for identifying previously unknown DQBl alleles, and related primers, probes, and 
methods for the idmtification of any DQBl allele. Unusual patterns of SSO probe 
hybridization using this typing system identify new alleles, as shown in Example S. 

25 The present invention provides a number of DQB primers for amplifying 

nucleic acid segments to facilitate accurate typing. These primers are shown in Table 1 
below. 
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10 



15 



20 



GH28 
GH29 
DB130 
DB131 
DB86 

UG71 
DB377 
DB378 
DB379 
DB380 



Table 1 
fn . fr , nQR Primers 



SEQIDNO:69 
SEQIDNO:70 
SEQ ID NO. 47 
SEQ ID NO: 48 
SEQ ID NO: 41 
SEQ ID NO: 72 
SEQ ID NO: 75 
SEQ ID NO:.76 
SEQ ID NO: 77 
SEQ ID Na 78 



25 



S'-CKXKiATCCGCATOTGCrACrTCACXIAACG 

5'<iAGCIX3CAGGTAGlTGTGTCTGCACAC 
S'.AGGGATCCCOGCAGAGGAnTCGTGACC 
5'-TCClGCAGGGCGACX5ACX3CTCACCTCCCC 
5'-CIXjCAGGGTCGTGOGGAGCTCCAACTG 

5'<iCIGCAGTCTCCTCrGCAGGATCCCGC 
S'-AGGATCCCCXSCAGAGGAnTCGTGTACCA 
5'-AGGATCCCCXjCAGAGGATrrOGTCTACX:AG 
5^.GAGCTGGAGCrcGTAGTrGTGTCrGCA 
^cvj ^..^..^ S'-TCCTOCAGGACGCTCACCrCTCCGCTGCA 
The^i^l^i^andamiiio add sequences of 15 DQBl alleles and tfaeDQB2 
(DXB) locus allele are provided in the Sequence Listing section. The sequence 
identifiers for the nucleotide and amino add sequences of each allele are given below. 
Tables 2 and4. below, provide equivalent sequence information in a format which 

&cilitates visual coniparisons. 

Some of the 15 HLA DQBl alleles, defined as amino acid sequences, have 

subtypes based on sflent polymorphisms. For example, two different DQB 1*0503 
(previously DQPl.3) nudeotide sequences (GAC vs GAT for the Asp codon at ; 
Stion57;sefscharf^ia..l989,aiBa.)andtwodifferentDQ^ (GCG vs 

GCAfortheAlacodonatposition38)havebeenidentified. ^'^^ , 

detected by the probes disdosed in the present methods. In addition, two D^ 1*0303 
nucleotide sequences (see "NomencUturc for fadors of the HLA system". 1990, 

I have been reported. 
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^SJ^ Niielentide Sequence Amino Acid Sequence 

DQBl.l SEQIDNO:! SEQIDNO:2 

DQBl^ SEQIDNO: 3 SEQIDNO: 4 

DQB1.3 SEQIDNO: 5 SEQIDNO: 6 

5 DQB1.4 SEQIDNO:? SEQIDNO: 8 

DQB1.S SEQIDNO: 9 SEQIDNO: 10 

DQB1.6 SEQIDNO: 11 SEQIDNO: 12 

DQB1.7 SEQIDNaiS SEQIDNO: 14 

DQB1.8 SEQ ID Na IS SEQ ID Na 16 

10 DQB1.9 SEQ ID NO: 17 SEQIDNO: 18 

DQB2 SEQ ID NO: 19 SEQ ID NO: 20 

DQB3.2 SEQ ID NO: 21 SEQ ID NO: 22 

DQB3.3 SEQ ID NO: 23 SEQ ID NO: 24 

DQB3.1 SEQ ID NO: 23 SEQ ID NO: 26 

15 DQB4.1 SEQ ID NO: 27 SEQ ID NO: 28 

DQB4.2 SEQ ID Na 29 SEQ ID NO: 30 

DXB SEQ ID NO: 3 1 SEQ ID NO: 32 

Table 2 shows the aimncuacid sequence alignments of 15 DQB 1 alleles and the 
sequence of the DQB2 (DXB) locus. The DQB 1*0302 alleles provides the consensus 
20 sequence, writtoi in one letter code. Sequence homology is indicated by dashed lines, 
and letters indicate polymorphic residues. The positions for primer annealing, relative 
to the encoded amino acid sequraces shown, are also shown for each primer listed. 
Hie sax>Iogic DQw type for each allele is also shown, where the type is icnown. . 
Unnamed alleles and ^pes are indicated by "?". 
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Table 2 

DOBl Amino Acid Sffn""'?' Alipimflnts 
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Primeis GH28 and GH29, shown in Table 2, have been used for amplifying all 
HLA DQB alleles (see Horn fitfi!., 1988, However, this primer pair does not 

amplify the enme second exon of the DQBl g«ie, thereby preventing the detection of 
some polymorphic regions. Furthermore, this primer pair co-amplifies DQB2 allele 
5 sequoices. The preset invention provides 'DQB 1 specific" PGR primers, which 
amplify DQB 1 alleles but do not an^lify the linked pseudogene, DQB2. The present 
invention also provides "group specific" primers. For «ample, the group specific 
primer pair DB130/DB86 amplifies the DQB1*02, DQB1*03, and DQBl^ alleles. 
Group specific primer pair DB 1 30AJG71 amplifies the DQB 1 *05 and DQB 1 *06 
10 alleles. 

The DQBl spedfic primer pairs l!)B13Q/DB131 and DB130/GH29 are specific 
for DQB 1 and do not amplify DQB2. Primer DB 1 30 contains a four base pair 
nusmatch with DQB2. Primer DB131 contains a single base pair mismatch with DQB2 
at the second position from the 3' end of the primer, as well as another base pair 

15 mismatch with both DQB 1 and DQB2 at the third position from the 3' end for the 

primer. Anxplification with the primer pair DB130/DB 131 also allows analysis of the 
polymorphic sequences of the second exon encoding amino acids 78-90. This region 
lies outside sequences amplified with the primer pair DB 1 30/GH29 primer. However, 
primer pair DB130/DB 131 fails to amplify DQB1.4 (DQB1*0601) efficiently, whereas 

20 primer pair DB130/GH29 amplifies all DQB 1 alleles, including the DQB 1*0601 allele, 
efficientiy. 

The prima- pair DB 130/GH29 amplifies all DQB 1 alleles efficiently even 
though a silent polymorphism GTG vs. GTA at codon 78 of the DQB 1*04 allele results 
in the GH29 primer being mismatched, 3 nucleotides away from the 3' end of the 

25 primer, when hybridized to a DQB 1 *04 allele. To ensure efficient amplification of all 
aUeles, the annealing temperature may be lowered, Le., to SS^C. 

Following amplification, SSO probes are used for typing. Control probes are 
used to determine if DQB 1 anq>lificarion has occurred. DQBl "ALL" probe UG86 
does not hybridize with DQB2 or DQB 1*0401. The sixteen SSO probes of the 

30 invention distinguish the 15 DQBl alleles. Table m shows the sequence of, the allele 
specificities of, and hybridization and wash conditions for, each of these 16 probes. 
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Each probe is used with a hybridization soludon that contains 0.5% SDS and 
SSPE at the concentration and temperature indicated in Table 3, above (for example, the 
hybridization solution for DB80 contains 0.5X SSPE). The wash is carried out in a 
solution of 0.1 X SSPE plus 0.1% SDS for 10 minutes at the temperatui^e shown in 
S Table 3, above. Probes DB 114 and DB 1 15 distinguish the silent polymorphism, GAC 
(DQBl.3.1) vs C3AT (DQB13.2) (Scharf sisIm 1989, Sig. ISall- Acad Sd- USA 
M:621S-6219), for the Asp codon at positicxi 57. The probe DB51 also detects a silent 
polymcHphism, GCG (DQB3.1.2) vs GCA 05QB3.1.1), for the Ala codon at position 
38, which is useful for distinguishing a homozygous 1.7 or 1.8 individual from a 1.7, 

10 1.8 hetero^gous individual. 

The sequence-specific oligonucleotide probes of the invention, called "SSOs," 
when CTiployed in the present methods under the appropriate hybridization and wash 
conditions, are extremely specific, capable of distinguishing single nucleotide 
polymorphisms. The SSOs of the invention, unlike the probes used in RFLP methods, 

15 can be used to detennine not only if alleles are different but also where and how the 
alleles differ. 

The extensive allelic diversity at the HLA DQBl locus, like that of the other 
Qass n beta genes, is localized primarily to the second exon. In general, the pattern of 
second exon sequence polymorphism is a patchwork, with specific variants of a 

20 polymorphic segments found in a variety of diffoent alleles. In principle, such shared 
epitopes among different alleles could reflect either conQnx>n ancestry, gene conversion, 
or convergent evolution. For purposes of oligonucleotide typing, this patchworic 
pattern of polyrrorphism means that many alleles cannot be identified by hybridization 
to a single oligonucleotide probe, but are identified, instead, by a unique pauem of 

25 hybridization with a panel of probes. 

Table 4 shows the nucleotide sequrace alignments for the HLA DQB 1 alleles 
and the DQB2 (DBX) locus. The local DQBl allele designations are shown to the left, 
and to the right are the official WHO HLA nomenclature designations. Probe 
hybridization sites are also shown in the table; an asterisk (*) indicates that the probe 

30 sequence is idratical to the noncoding strand. The nucleotide sequence of the 
DQB1*0302 allele is shown; for the other alleles, only the differences fiom the 
DQB 1*0302 are shown, and a dash indicates sequence identity. 
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Table 4 
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Table 4 - Continued 
HLA DOBl Nucleotide Sequence AKenments 





o 


o 




o 


o 




o 


O 


o 




•« 


♦ 


•ft 




0 


m 




t— • 
A 




8 


o 
o 


g 


no 


g 



o 


o 


o 


o 


o 






in 


tn 


tn 










o 




« 


« 


« 


« 


•-4 


t— t 


•—1 






m 


m 


(Q 




CQ 


o 


o 


O 


8 • 


O 


o 


o 


o - 




o 



o 

(—1 

m 

E 



C 
•« 



o 



CO QC CS 

g g g 



<0 H 



IT) 

s 



n r-« 



V 


o 




1 


1 


1 


1 


1 


•1 


1 


1 


1 


1 


1 


1 


1 


o 






1 


i 


u 






1 


1 


I 


1 


t 


1 


1 


1 


1 


1 


1 


1 


1 


1 


< 


3 






1 


1 


< 


< 


1 


? 


1 




1 




1 




t 




1 




1 




1 




< 




o 




f 




i 




1 




1 




1 

I 




I 




1 




1 
1 





I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 

< 

I 
t 

I 

I 

O 
I 
I 
I 



Q O 



I 



< • 



I 



I 

o 



s 



s 



o 

S 



I 

o 

I 
I 
I 
I 
I 
1 

o 
I 

o 

I 
I 
I 
I 
I 
I 
I 

s 

I 



•It 

IS 

s 



19 
I 

€- 
U 



C9 



« 

s 



I 



f-i eg 



so 



r- 00 



I 

< 
I 
I 
I 

I 
I 

I 

o 
t 

u 

I 

o 

I 
I 
I 

i 

I 

< 

u 



< 

I 

o 

I 
I 
I 
I 
I 
I 
I 

I 

< 

t 
I 
I 
I 
I 
I 
I 
I 



^ PCr/US91/09796 
WO 92/113S9 

16 



m0A of the sixteen SSO probes used for typing are located in die most vanablc 
region around codons 53-57. Ibeodier eight probes are located at five other 

polymoiphic regions for the second exon. as depicted above in Table 4. In gener^. the 
DQBl genotype ofindividuaIsan?)les is infened fern die hybridization pattern of these 

sixteen probes. Table 5 shows how die unique patterns of probe hybridizanon 
correspond to each of die DQBl alleles. 
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The HRP-SSOs of the invoition probes are highly specific under the 
hybridization and wash conditions shown. Probe DB158, which is required to 
distinguish homozygous 3.1 samples fitom heterozygous 3.1. 3.3 samples, however, 
cross-hybridizes sUghtly to the 3.2 allele. The examples below illustrate the use of 
these probes in a method for nonradioactive typing of known homozygous and 
heterozygous cell lines. The set of 16 probes shown in Table 5 does not distinguish 
between the foUowing three heterozygous genotypes: 1.5, 1.7; 15. 1.8; and 1.6. 1.8 
types. Distinguishing these genotypes requires additional probes. 

The HRP-SSOs of the invention allow detection methods that en^>loy 
chromogenic or chemihmiinescent substrates that are easy to use and produce detectable 
signals rapidly (typically 1 to 10 minutes). TTie HRP-SSOs arc' stable for over two 
years witiiom detectable loss of activity when stored at 4°C. See the article entided 
"NonisotopicaUy labeled probes and primers" by Levenson and Caiang, 1989. m £CS 
P.r,tnrn1>:: A Guf tn M«..thods md Apolications (fonis. Gelfend. Sninsky and White 
ed-. Academic Press. Inc. San Diego). Radiolabelled probes can be employed but are 
not necessary for exceUent sensitivity, an faipottant benefit provided by die present 
invention. 

The dot btot format for detection enables die rapid typing of a large number of 
saiiiplesandwiUbeusefiilindetemimingtiieaUelefiequenciesofHLADQBl. A 

reoenfly developed alternative for PCR/SSO DQbeta typing is die immobilized dot blot 
farmaL See die article entided "Genetic analysis of amplified DNA widi immobilized 
sequence-specific oligonucleotide probes" by Saiki fitfll-. 1989. £iQ£. IsJaSl. Asad- Sci. 
I2SAfifi:6230-6234. and copending Serial No. 347.495. filed November 30. 1989. 
incorporated herein by reference. In this procedure, die SSO probes are appUed and 
fixed to die filter fradier dian die amplified DNA). hence die term "reverse dot blot' . 

The reverse dot blot procedure allows a single sample to be analyzed in a single 
hybridization widi a membrane containing an anay of immobilized probes. The 
conventic^ dot blot format is useful when die number of samples exceeds die number 
of probes used (e.g., patient versus control or population genetics studies). The 
reverse dot blot format is valuable for dimcal. diagnostic, and forensic analyses, where 

diere are fewer samples tiian probes. 

The panel of probes disclosed herdn is capable not only of distinguishing die 
15 DQBl alleles currently known, but also of delecting new alleles, revealed by novel 
patterns of probe hybridization. The new DQBl allele 1.9 was initially identified by an 
unusual pattern of SSO probe hybridization hi samples ftom an IDDM patient and his 
modier and dien confinned by cloning and sequencing die PGR product from diese 
samples (see Example 5). This allele appears to be a ' recombinant'; allele, sharing most 
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of the second exon sequence with DQB1*K)S02 and the third hypervariable region with 
DQB1*04. 

The present invention is suitable for commercialization as a kit for HLA DQB 1 
typing. The kit can contain probes fior ^ing the DQBl alleles. Such a kit may also 
5 include reagents for PGR or other amplification procedures; such reagents include 
oligonucleotide primers, a thoxxiostable DNA polymerase, and nucleoside 
triphosphates. 

The following examples show illustrative embodiments of the present 
invention. The exanq>les show that Ae present invention provides, in a preferred 
10 embodiment, a nonisotopic PCR/SSO system far HLA DQB 1 typing that is simple, 
rapid, and capable of precise DQBl typing for a variety of samples from different 

sources. 

, Example 1 

Oprimizarion of HLA DQB Amnlificarion Cmditions 

IS Human genomic DNA, 0.5-1.0 |ig, was amplified as described in the article 

entided "Primer-Directed Enzymatic Amplification of DNA with a Thermostable DNA ^ 
Polymerase" by Saikifitai.. 1988- Science 239: 487-491, and in Scharf fitM-, 1988. 
Hum. Tmmiinnl- 22:61-69, and Scharf fitM^ 1989, £iq£. IML- Agftd- S^- USA 
M:6215-6219, each of which is incorporated herein by reference. Sample DNA was 

20 recovered firomceU lines 1Xj2 andLUV and amplified in a 100 ^l reaction witii 2.5 

units of Taq polymerase. For each primer set and MgCb concentration, three different 
teniperature profiles for PGR were investigated All amplification reactions were 
carried out using a PEQ Thermal Cycler (Perkin Elmer Cetus Instruments. Norwalk, 
CD and Taq polymerase. 

25 The samples were amplified for 35 cycles. The three-step PCR profile involved 

denaturing the DNA at 94'^'C for one minute, annealing die primers at 55''C for 30 
seconds, and extmding the primers witii Taq polymerase at 72**C for 30 seconds. The 
two-step PGR profile involved denaturing the DNA at 94^C for 1 minute and annealing 
and extending the primers at either 60°C or 65®C for 40 seconds. A negative control 
30 (no DNA) was always included to dieck for contamination. Three ^1 of amplified 
product were loaded in a 3% Nusieve, 1% Agarose gel to monitor the amplification 
efficiency. Primers GH28, GH29, DB 1 30, and DB32 1 were tested in various 

combinations. 

The samples amplified with 60^C annealing and extending steps gave more 
35 ^>ecific prcxiuct with littie or no background of the other samples, and, in all cases, the 
reaction buffer containing 1.5 mM Mga2 gave a more specific and efficient 
amplification than the reaction buffer containing 2.5 mM MgCli- 
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To detennine if the priiiKa- pairs and reaction condit^ 
5 coanqjlifiedlXJBl and IXJB2. the same reactions were repeated using DNAfi^ 

LUY ceU line. After amplification, a small portion of the amplified DNA was denatured 
and appUed to a seiies of nylon filters. These dot blots were then hybridized with 
DQB2 and DQBl "ALL" probes as follows. Each filter was incubated in hybridization 
buffer with one of die labelled probes. Each SSO probe was covalendy conjugated to 
10 horseradish peroxidase (HRP) for nonisotopic detection. 

To prepare the dot Mots, about 5 pi of each amplified DNA saniple were mixed 
with 95 Ml of a denaturation solution composed of 0.4 M NaOH and 25 mM EDTA, 
and the resulting mixture was appKed to pre-wetted (water or 2 X SSPE) nylon filters 
(BioDyne B. Pall Corp.. Glen Cover. NY. or Genatran 45. Fiasco; Wobum. MA) 
15 using a dot blot manifold (BioRad. Richmond. CA). Dtq)Ucate membranes were 

preparedTheDNAwasirranobilizedondienylotifilterbyuItnivioletinadiationata ^ 

flux of 50 mJ/cni2 with a Stratalinkei" (Stratagene. La Jolla. CA) UV hght box- 
Membrane A was incubated in hybridization buffer with DQB2 probe GH63 : 

(SEQ ID NO: 71; 5'-CTCGATGCrCOGCCCCAG-3') and membrane B with HRP- , 
20 labelledDQBl"ALL"probeUG86(SEQIDNO:74;5'- ' o^. ,v 

TACIGGAACAGCCAGAAGGA-3')- Hybridization was earned out at 50 C m 3 X 
SSPE 0 5% SDS for 30 minutes, and the filters were then washed with 0.1 X SSPE, 
0 1 % SDS for 10 minutes in a 42-C water bath. The probe UG86 does not hybridize 

with DQB2 or DQB1*0401 alleles. Piobe GH63 (non-coding sequence) hybridizes 

25 only with DQB2. ..... 

Hie presence of hybridized piobe was detected either by a chemilummescent 

substrate (ECU Amersham. Ariington Heights. IL) or by the chromogenic dye 
substrate TMB (33'. S'S-tetrameAylbenzidine [Huka; Ronkonkoma. NY]), which is 
converted to abhiepredpitate by HRP in thepresenceofhydrogen peroxide. All 

30 incubations were at room ten5«ature with moderate shaking. F6r chemUuminescent 
detection, a stringent wash was completed, and the membranes were incubated for 30 
minutes in 1 X Dulbecco's PBS and tiien placed in die ECL detection kit for 1 rmnute 

and exposed to X-ray film for 1-5 minutes. 

For detection with TMB. the membranes were rinsed in Buffer C (100 mM 

35 sodhim dilate. pH 5) for 5 minutes and then incubated in Buffer C containing 0. 1 

mg/nd TMB (stock is 2 mg/ml in etiianol) plus 0.00015% H2O2 for 2- 10 minutes. TTie 
leaction was stopped by rinsing die membranes in 0.01 X Buffer C; membranes were : 
tiien photographed for a permanent record. The reagents for TMB-based detection of 
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HRP-labeled ofigonucleotides are ccmmiercially available from Peridn-Elmer Cetus 
Instruments; detailed protocols for tlieir use are available in the Anq)liType™ DQa 
DMA Typing Kit product insert, incorporated herein by re£aence. 

As shown in Hgure 1, the dot blot results denx>nstrate that samples 1 and 2, 
S which were amplified with primers GH28 and GH29, hybridized with both probes 
equally, suggesting both lod were amplified to about the same degree. Samples 
amplified with DB130 and DB131 at three different annealing tempCTtures did not 
hybridize with the DQB2 probe, while samples amplified with GH28 and DB 1 3 1 or 
wiA DB130 and CSEI29 hybridized very fidndy with the DQB2 probe. 

10 Exanq>le3 

HLA DOBl Amplification 
The PGR amplification and dot blot results of Examples 1 and 2 show that the 
DB130/DB131 primer pair is specific for DQBl, does not amplify DQB2, and so is a 
preferred pair for general DQ typing. In further testing, DNA san^les firom 

IS homozygous ^ing cell (HTC) lines were amplified as described in Example 1. 
Interestingly, the DQB1.4 CDQB1*0601) allele failed to amplify with the 
DB130/DB131 primer pair at 6S^C; however, when the annealing temperature was 
lowered to 6CfC or 55^C, the allele was amplified, although somewhat inefficiently. 
Hie pruner pair DB 13(VGH29 spedfically and efiQciendy amplified all known DQB 1 

20 alleles, in spite of the mismatch resulting from the silent polymoiphism (GTG vs. 
GTA) at codcMi 78 in the hybridization region for die GH29 primer. DQB 1*0402 
alleles are mismatched (A-A) three nucleotides from die 3' end of GH29, as determined 
by amplification with DB130 and DB131. Nonetheless, DQB1*0402 alleles fiom the 
HTCs ARC OLN, and RSH, as well as heterozygous samples that have the same 

25 codon 78 (GTA), ^ amplify with die primer pair DB 13(VGH29, showing that diis 
mismatch does not prevent amplification. Thus, the primer pair DB 130/GH29 has the 
lequiate "locus specificity " and "allelic range" to be suitable for routine DQB 1 typing. 

Exfflpplg 4 
HLA DOBl TvDing 

30 Previously sequenced homozygous and heterozygous cell lines were used to 

demonstrate the suitability of the sixteen SSO protot system for HLA DQBl typing. 
Genomic DNA fiom 10 different cell lines was amplified as described above with 
primers DB130 and GH29, or with primers DB130 and DB131, for 35 cycles using the 
following temperature profile: 94*'C tenq)late denaturating for 1 minute and either 55®C 

35 or 60^C primer annealing and atmding for 40 seconds. Fiveplof PCRanq>lified 
product were spotted onto a membrane following amplification. Enough amplified 
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DNA and denaturing solution were prqwied to make 16 rqjUcate membranes. 
Generally, if amplified DNA is limiting, memhranes can be decolorized in 0.5% 
. so^um sulfite at room tempenuure with shaking for 1 0-20 minutes, and the hybridized 
probes removed by incubating the strips at 70°C in 0.1 X SSEE. 0.1% SDS for 1 hoiir. 
5 The membranes can then be re-hybridized. 

Membranes were hybridized to each of the 16 HRP-Iabeled probes described m 
Table 3 for 30 minutes to 1 hour widi 1.5 pmole of probe per ml of hybridization 
solution. Table 3 shows the sequence, hybridization, and wash conditions for each 
probe. Kguie 2 shows tiie results of tius DQBl typing on known homozygous and 
10 heterozygous ceU lines. In tiie Rgure, tiie probe names as well as die amiao add 

sequences encoded in tiie probe region are indicated on the right; die sample names are 

written (m top. . 

AD of die HRP-labe!led probes are highly spedfic under die hybndizatton and ; 

wash conditions used here, except probe DB158. which distinguishes homozygous 3,1 
15 saii5>les fiom heterozygous 3.1. 3.3 samples. Hiis probe cross-hybridizes sUghtiy to 
the 3.2 allele. 

Table 6 Aows die assignments of die DQBl genotypes based on die probe 
reactivity for die 10 different samples, two of whidi were heterozygous cdl lines. The 
local designation is used ©denote probe spedfidty. TImj HLA committee nomenclature 
20 is shown to die right A computer algoriflim has been designed to give die DQBl 
genowe by entering die pattern of probe hybridization obtained for a given sample. 
Such a program was used to calculate diat only diree of die 120 possible genotypes are 
notresolvedbytiuspanelofprobes. The diree genotypes not resolved by diis pand of 
probes are die heterozygous genotypes. 1.5. 1.7; 15, 1.8; and 1.6. 1.8. 

25 
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TP.Mtnnlft 5 

T^ pprifirarinn of n N^YfT F ^ Allele 

A higUy unusual family has been identified in which two HLA identical 

siblings (DR1/DR2) have IDDM (Eiseobaith fit al-. 1985, DiabfiKS &477-480). 

and a thiid (also DR1/DR2) has recently developed IDDM In this fiunily. the three 
ablingswhoshan«i*einaienialDRlandthepatemalDR2haplotypeaDbaveIDpM 

as weU as islet cen antibodies. This striking pattern suggested that these two 
haplowpes were predisposed to IDDM To identify susceptibility alleles in this family, 
thesequencesof thepdymoiphic second exon of the DQB1.DRB1. andDRBS loci on 

the two predisposing haplotypes were determined (see Eiiich si al-. 1991. 22iat2C^. 

Samples of genomic DNA ficom a sibling and the parents were obtained. 

polymerase chain reaction anq)lificarion and oHgonucleotide typing for the HLA DQA 1 

loci were performed as described in the instruction manual, incorporated herem by 

refcrence. for the AmpUType~ DQa DNA typing kit. marketed by PECL Reactions. 

in a volume of 100 ^1. contained standard PGR salts. 200 ]sM of each dNTP. 1 ixgof 
genomic DNA. and 2.5 units of Taq polymerase (PEa.Norwalk.CT.AmphTaq 

DNA polymerase) and were performed on a PECI Thermal Cycler programmed for 35 
cydesof: 95»C denaniiing for one minute. 55»C amiealing for 30 seconds, and 72°C 

extending for 45 seconds. 

PGR product was subsequentiy digested with BmSX and m restriction 
endonucleases (Boehringer-Mamtfidm). purified by extraction witii phenohchloioform 
and Centricon 30 (Amicon) dialysis, and ligaiedinto M13mpl8 with T4 DNA Ugase 
(BRL) E fiOli 1X398 was transformed witii the resulting Ugated DNA, and die 
transfmnants were used to prepare plaques, which were probed with nick-translated 
cDNA probes for the i^qropriate locus. Positive plaques were used to infect a plate of 
DG98 and confluent plates were extracted the following moniing by gentieshakmgm 

prepared 



sequel 



Multiple PCRs. clonings, and sequencing reactions were done to confirm 

the new sequence, and to ensure that a potential misincoiporation had not occurred or 
tfaatmisprimed shuffling (Saiki ^flt. 1988. fiasa^ 222:487-491) capable of 
generating an artifacmal "hybrid" sequence was not involved. DNA sequencing was 
carried out with the dideoxy chain temrination process (Sanger si al^ 1977. £cQ£. MaU-. 
Acad. Sci. I2SA2i:5463-5467). DQBl DNA sequences were confirmed by 

oligonucleotide ^ping. 

DNA samples fiom a DR1/DR2 sibling, die motiier. and die father, were 
analyzed by PGR amplification of die DQalpha, DQBl. and the DRB loci; the amplified 
DNA was characterized by M13 cloning and dideoxy chain termination sequencing and 
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by dot blothybridizadQn with SSO probes (Erlich and Bugawan, pp. 193-298, PCR 
Technolopv: Princinles and Applications forPNA Amplification. ErUch ed., 1989. 

Stockton Press, New York; and Saiki, 1986, suQIi). 

The serology and DNA 9ping of diis family is shown below. 

5 ^ Ha plotype Designation Serology DNATvpe 

A A3, B7, DR2 DQAl *0401, DQB 1*0402, 

DRB1*1501 

B All,Bw35,DR4 DQAl *0301. DQB 1*0301, 

DRB*04__ 

10 C A26,Bw49,DRl DQA1*0102,DQB1*0504, 

DRB1*0101 

D A25,B18,DR2 DQA1*01Q2. DQB1*0602, 

DRB1*1501 



Individual 


Haplotvpe 


Father 


A/B 


Nfother 


OD 


IDDM Male Sibling 


A/C 


IDDM Male Sibling 


A/C 


IDDM Male Sibling 


A/C 


non-IDDM Male Sibling 


B/D 


non-IDDM Female Sibling 


AD 


n<xi-IDDM Female Sitding 


B/C 



The DR2 haplotype in the IDDM sibling contains a conventional DRB 1 allele 
25 (Dw2 or * 1501 ) conmion to most Caucasian DR2 haplotypes (WHO Nomenclature 
Committee, 1990, Immunogenics 21:131-140, and Marsh and Bodmer, 1989, 
Immunol. Today 10:305-312^. This haplotype typically contains the DQAl allele 1.2 
or ^^0102 and the DQBl allele 1 .5 or *0602, as does the maternal DR2 haplotype. In 
this family, however, the paternal DR2 haplotype contains the DQAl allele 4.2 or 
30 *0401 and the DQB 1 aUele 4.2 or *0402. This combination of DQAl and DQB 1 

alleles is usually found only on DR8 haplotypes in Caucasian and is quite rare (<4%). 
The DRB 1 allele of the DRl haplotype also contains the conventional DRl sequence 
'K)101; DRl haplotypes typically ccmtain die DQAl allele *0101 and the DQBl allde 
*050L Hiis DRl haplotype, howev^, contains the DQAl allele "^0102, and a novel , 
35 previously unreported DQB 1 allele, termed provisionally DQPl *05new, which appears 
to be a "recombinant" betwera the DQB1*0SQ2 and the '•'0402 aUeles. The 
DQPl^5new aUele has been renamed DQB 1^0504 (DQB 1.9), as in Tables 2 and 4, 
above. 
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inteiFretation is consistent with tfie pronise that the highest IDDM 
' is associated with the presaioe of ffifi predispoang baplotypes. The 

dier (age 55). who possesses the unusual DRl haploQre along with the 

conventional DR2 haplotype. has islet cdl antibodies OCA) but does not have IDDM 
and has maintained nonnal first-phase insulin secretion on prospective evaluation. 

The DR2. Dw2 haplo^pe is strongly negadvely assodated with IDDM and 
theiefoie has been considered "protective" while the DRl haplotype is weakly 
associated with IDDM Clhompson, 1988. Ann- Bet GOO^ 22:31-50). Given the 
stroog linkage disequiUbrium between die DQ and DR regions of HLA class n 
allotypes, it has been difficult to attribute these haplotype disease assodates to 



lisposing baplotypes with an 



ic class n alleles. Ihe analysis of highly 
"unusual combination of DQBl and DRBl aUeles, like those observed in the family 
desCTibed above, allows the t«itative identification of predisposing alleles. On the DR2 
haplotype, the DQB 1*0402 aUelc is implicated in suscq)tibility because the DRB 1 allele 
(*1501) is the same as the ••piotBctive" DR2, Dw2 haploQ^. Thus, it is the 

ible for 



conventional DQBl allele *0<S02 on DR2, Dw2 haplotypes that is likely resp 
the "protection" assodated witii this haplotype. The DQBl allele found on this unusual 
DR2 haplotype is identical to die DQB1*04Q2 allele found on Caucasian DR8 
haplotypes. DR8 is weakly assodated widi IDDM (Thompson, aaaa). A similar 
DQBl allele, *0401. is also found on Japanese DR4 haplotypes. which are poatively 
assodated witii IDDM (Aparico st al.. 1988, TmrrnmOSgnetiW 2&2A0-2A6) but in.diis 
population, it is linked to die DQA1*0301 allde. 

Studies of HLA dass H sequence polymorphism and IDDM have revealed a 
g«ieral condation witii tiie chaige of die amino add residue at position 57 of die DQB I 
chain (Morel fit al-. 1988. Einc lifltt- Acai Sa. ai:81 11-81 15). One recent study 
reported tiiat tiw presence of an Asp at position 57 was. per sc. "protective." Because 
die DQB 1*0402 aUelo found <m tins DR2 haplotype has an Asp readue at position 57. 
die results described in Example 5 indicate diat Asp 57 is not absolutely protective. Of 

die six DR2 haplotypes found in die four DR2+ IDDM patients studied, five patients 

have Asp 57. as shown in Table 7. 
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DQBl Alleles on Six DR2 Haplotvpes in Four 



Unrelated DR2-h IDDM Patients 

CodonS? 

S Number Mdifi Amino Acid PR Type 

2 DQBl*0e02 ASP DR2/DR- 

1 DQBl ^502 SER DR2/DR3 

2 DQB1*0603 ASP DR2/DR- 
1 DQB1*04Q2 ASP DR2/DR1 



10 Only two padrats have the DQB 1 ^^0602 allele, vAdch is expected in >90% of Caucasian 
DR2 haploQpes. Possibly the entire allele DQB 1 *06Q2 ccxifers resistance, rather than 
a single residue at position S7 of the DQBl chain. 

The methods described herein led to the identification of a new DQB 1 allele, 

DQPi^OSnew (also named DQB 1.9 and DQB 1*0504), found on the unusual DRl 
IS hapIoQrpe. This allele may also be respcmsible for conferring IDDM susceptibility 
because the DRBl allele f^'OlOl) observed in the patient is the one typically found on 
control DRl haplo^es. This novel DQBl allele has Ser at position 57 like the rare 
DQBl allele (♦0502) previously identified in a DR2+ IDDM patient (Horn, 1988, 
supra ., and Erlich £l al-, 1990. Diabetes 22:96-103). The new allele appears to be a 
20 complex "recombinant" of the ^0502 and the *0402 alleles; this sequence may have 

been created by gene conversion due to the insertion of a DQBl *0402 segment into the 
DQB 1*0502 allelic fiamewoik, with the sites of a putative recombination somewhere 
between codons 58 and 74. According to the structural model for HLA Qass U 
. molecules, a peptide binding groove is formed by a p-pleated sheet and two a-helioes; 
25 thus, in this new allele; a segment encoding part of the a-helix is conunon to 'K)402 
while tiie rest of the DQB 1 chain is similar to the DQB 1 *0502 allele. 

Example 6 
DQBl Typin g - Reverse Dot Blot Foimat 

Jn this embodiment of the invmtion, the DQBl probes are fixed to a membrane, 
30 and tiie amplified target DNA is hybridized to the membrane-bound probe. The set of 
typing probes is designed so that each probe will hybridize to a specific target sequence 
at the same temperature and salt concentration (and stay hybridized under the same 
wash conditions) as all other probes in the set The PGR primers used in the 
axxq>lification are biotinylated, as described in the book PGR Prptocolg (1990, 
35 Academic Ptess, San Diego, CA) incorporated hemn by reference, so that any 

anq)lified DNA that hybridizes to the membrane-bound probes can be easily detected. 

Li one embodiment, detection is carried out 1^ reacting streptavidin (S A)- 
conjugated horsoadish peroxidase with any biotinylated, amplified DNA hybridized to 
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the membrane-bound pn*e. The HRP tiiiis beccnnes bound, through Ae SA-biodn 
inteiaction. to the anqdified DNA and can be used to generate a signal by a variety of 
well know means, such as the gmeration of a colored compound. e.g., by the 
oxidation of tctramethylbenzidine (see U.S. Patent No. 4.789.630, incorporated herein 

5 byrefermce). 

Although the probes can be fixed to the membrane by any means, a prefisned 
method involves "tailing" an oligonucleotide probe about 13 to 25 nucleotides in length 
with a much longer sequence of pdy-dT. The resulting poly-dT "tail" can tiien be 
reacted witii amine groi^ on the memteane to fix die probe covalenfly to the 
10 mwnbrane. Hiis reaction can be fedlitated by UV iiradiation. 

Temnnal deoxyribonudeotidyl transferase (TdT. Ratlifif Biochemicals; for die 
reactions below assume a concentration of abut 120 Units/^. which is 100 pmoVnD 
can be used to create a poly-dT tail on a probe, altiiough one can also synthesize the 
tailed probe on a commercially available DNA syndiesizer. When onfruses a DNA 
15 synthesizer to make tfie tailed probe, however, one should place tiie tail on the 5* end of 
die probe, so tiiat undesiied premature chain termination occurs primarily in the tail 

region. 

TdT reactions should be canied out in volume of about 100 \sl containing IX 
TdT salts, 200 pmol of oBgonucleotide, 800 [tM dTT. and 60 umts of TdT. lOX TdT 

20 salts is 1.000 mM K-cacodylate. 10 mM CJoQa. 2 mM dithiothreitol. 250 mM Tris-O. 
pH 7.6. and is prepared as described by Roychoudhury and Wu. Msih. Ensymol. 
^5:43-62. incorpoiated herein by reference. A lOX stock solution of 8 mM dTIP can 
be prepared (neutralized to pH 7 with NaOH) for convenience. 

The TdT reaction should be carried out at 37'C for two hours and then stopped 

25 by die addition of 100 jil of 10 mM EDTA. pH 8. Hie final concentration of tailed 
oHgonudeotide is 1 nM (1 pmoIAd). and die lengdi of die homopolymer tail is about 
400 residues. Tail lengdi can be changed by adjusting die molar ratio of dTIP to 
oligonudeotide. The tailed probes can be stewed at -20°C until use. 

Two types of nylon mraahrane are piefened for die reverse dot blot f oraiat: 

30 Biodyne™ nyk>n membrane, 0.45 micron pore size, manufactured by PalU and 

Biotrans™ nylon membrane. 0.45 nricron pore size, manufactured by ICN. The probes 
can be spotted onto die membrane veiy conveniendy widi die Bio-Dot™ dot blot 
apparatus manufactured by BioRad. Each probe is spotted onto a unique, discrete 
location onto die membrane. About 5 to 10 pioomoles of each tailed probe is premixed 

35 with 60-100^1 of TE buffo- before application to die dot btot^arams. After dot 

btotting, die membrane is briefly placed on absorbent paper to draw off excess Uquid. 
The membrane is dicn phiced inside a UV fight box, such as die Stratalinker™ 

Ugfat box manufactured by Stratagene. and exposed to 50 to 60 millijoules of flux to fix 



WO»2/11389 



PCr/US91/09796 



29 

the tailed probe to the nylon memfaErane. After a brief rinse (for about IS minutes in 
hybridizaticKi solution) to remove unbound piobe, the membrane is then ready for 
hybridization widi biotinylated PCR product One-half to one picomole (one-quar» to 
one-half of a typical, 100 ^1 PCR mixture) of PCR product is added to each probe 
S panel for hybridization* About SO fil of streptavidin-horseradish peroxidase (S A-HRP« 
ccmmierciaUy available from PEQ; see the instniction znanual for the An^ 
DQa DNA Typin g Kit, inooipoiated herdn by refoence) conj ugate can be added at this 
time for convoiiaice, but better signals will result if a separate S A-HRP incubation and 
wash, at room temperature, is performed after the stringency wash. 

10 Hybridization is typically carried out at SO^C for 30 minutes in a water bath and 

with hybridization buffer composed ofO.S% SDS and 3X to SX SSPE, most 
commonly 4X. Stringency washing is carried out at SO^C for IS minutes in a water 
bath and with wash solution composed of 0.1% SDS and IX SSPE. A post-wash of 
IX PBS at room temperature for 30 minutes can enhance signal qualit>'. 

1 S The hybridizing regions of the tailed probes for use in the reverse dot blot 

method are shown below. X is inosine. Also shown are the target sequence, given in 
one letter amino acid code, and allele specificity of each probe. 
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DB175 

DB272 

DB200 

DB265 

DB266* 

DB185 

DB191 

DB254* 

1>B2S7 

DB268* 

DB269 

DB258 

DB270* 
DB201* 



Qliffnnucleotide Probes 



SEQIDNQ: 
S£Q ID NO: 51 
S£QIDNO:68 
ID NO: 55 
SEQ ID NO: 62 
SEQIDNO:63 
SEQ ID NO: 52 

SEQ ID NO: 53 

^Q ID NO: 60 

SEQ ID NO: 64 

SEQ ID NO: 65 

SEQ ID NO: 66 

SEQ ID NO: 61 

SEQ ID NO: 67 
SEQ ID NO: 56 



30 



. Table 8 

%^ ADQB 1 Allele Typing Fonnatn 



LGPPA 
LGPPA 
LGPPD 
LGRLD 
LGRLD 
LGLPA 

Q-R-V 



HRP-SSO Probe 
S^i^ nr^ y to 3' 

CGCCTGCCGCCGAG 



Q-R-S 

Q-R-S 

QRD*12 

QRD-2 

QRD-2 
TRYIY 



TGGGGCCGOCTGAC 
GCnKKKjCXK5CrroACGCX:GAG 
CTCGGCGTCAAGCTGCCCCAGC 
CTXKnXKKK3CTGCXnX3CC 

CCTGTTGCXXjAGTACTG 

CCGCGCTAGGCCGCCCCTGC 

GCAGGGGCGGCCTAGCGCCGAG 

CTCGGCGCTAGGCCGCCCCTGC 

GCAGGGGCGGXCTGACXCCG 

GGGCXK5CXTGATGCCGAG 

CGGXATCAGXC CGCCC CTGC 
GTTATAGATGTATCTGGTCAC 



Specificity 
3^ 

3.1^.3 
4 
4 
2 

1.1.1.7.1.8 

1.2,1 

1.2.1 

1.2.1 

1.3,1.4 

1.5.1.6 

1.5.1.6 
3.1-3.3.4.1.5 

1.4.1.8.1.9 



20 


DB239 


SEQ ID NO: 58 


TRHIY 


AOCAGACACATCTATAACCXj 


1.1-13.1.6.1.7 




DB69* 


SEQ ID NO: 37 


EEDVR 


AAGCGCAOGTCCTCCT 


1.4 




DB158* 


SEQ ID NO: 49 


DVGVY 


GCCCGATACACCCCCAC 


1.3,1.4.3.3.4 




DB55 


SEQ ID NO: 36 


DVEVY 


ACGTGGAGGTGTACXXjG 


3.1 




DB203 


SEQ ID NO: 57 


VLEGA 


AAGTCDCTGGAGGGGGC 


1.1-1.3 


25 


DB241 


SEQ ID NO: 59 


ERVRL 


GAGCXjCXjTGCGTCTTGTAA 


3.2,3.3.2.1.5 


DB198 


SEQ ID NO: 54 


ALL 


CGCTICGACAGCXjACGTGG 


ALL 



* Denotes sequence from non-coding strand 
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We Claim ' 

1. A method for detenmning the DQBl type of nucleic acids in a sa^ 
which method comprises (a) anq)lifying DQBl gene second exon sequences; (b) 
hybridizing any amplified nucleic acid with a set of oligonucleotide probes under 

5 conditions such that only probes hybridized to exactly conq)lementary sequences can 
remain stably bound to the amplified DNA; and (c) detennining whether amplification 
has occurred. 

2. Themetfaodof Clam 1, wherein said amplifying step is accomplished by 

10 PGR, 

3 . The method of Ci flim 2, wherein said PGR process involves amplificadon 
with a pair of oligonucleotide primers, and at least one of said primers is selected from 
the group consisting of DB86, DB130, DB131. GH28, GH29, and UG7L 

15 

4. The method of Qaim 1, wherein said set of oligonucleotide probes 
comprises two or more probes selected fiom the group consisting of DB51, DB53, 
DB54, DB55, DB69, DB78. DB79, DB80, DB105. DB107, DBllO, DB114. DB115. 

DB 158, DB162, and UG82. 

20 

5 . The method of Qaim 4, wherein said probes are labeled. 

6. The method of Claim 5, wherein said set of oligonucleotide probes is 
DB51, DB53, DB54, DB55. DB69, DB78, DB79, DB80. DB105, DB107, DBl 10. 

25 DBl 14, DBl 15, DB158, DB162, and UG82. 

7. The method of Claim 1, wherein said set of probes is immobilized on a 
solid support, and each different probe is located at a distinct and discrete location on 
said solid support. 

30 

8. The method of Claim 7, wherdn said set of probes ccmprises two or more 
members selected fixnn tiie group consisting of DB55, DB69, DB158, DB175, DB185, 
DB191, DB198. DB200, DB201, DB203, DB239, DB241. DB254. DB258, DB265, 
DB266, DB267, DB268, DB269, DB270, and DB272. 



* 
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9 TTie method of Qaim 8, wherrin said set of probes is DB55, DB69, 
DB158. DB175. DB185. DB191, DB198. DB200. DB201. DB203. DB239. DB241. 
DB254 DB258. DB265. DB266. DB267. DB268, DB269, pB270. and DB272. 

5 10. An oUgonucleotide primer selected ftom the poop consisting of GH28. 

GH29. DB86, DB130, DB131. and UG71. 

1 1 . An oligonucleotide probe selected from the group consisting of DBS 1 , 
DB53. DB54, DB55. DB69. DB78. DB79. DBSQ. DB105, DB107. DBllO. DBl 14. ; 

10 DB 1 15, DB 158. DB 162, and UG82. 

1 2. A kit for DQBl DNA typing comprising a set of oligonucleotide probes, 
wherein said set comprises a probe of Claim 11. 

15 13. The kit of Claim 12 tiiat further comprises a pair of oUgonucleotide primers, 

f 

_14. Hje kit of Oaim 13 that further comprises a thermostable DNA polymerase. 

15 . The kit of Claim 14 tiiat finther comprises mie or more deoxyribonucleoade 
20 5'-triphosphatBS. 

16. oUgonucleotide probe selected from die group consisting of pB55, 
DB69 DB158.DBI75.DB185.DB191.DB198.DB200.DB201.DB203.DB239. ' 
DB24'l. DB254, DB258. DB265, DB266. DB267, DB268, DB269. DB270. and 

25 DB272. 

17. A kit for DQBl DNA typmg comprising a set of cdigraiucleotide probes, 
wherein said set conqnises a probe of Qaim 16. 



30 



1 8. The kit of Caaim 17 that further comprises a pair of oUgonucleotide primers. 

19. The kit of Claim 18 that ftoher conq)rises a thermostable DNA polymerase. 



20. Tlie kit of f^"^ 19 that furtiier comprises one or more deoxyribonucleoade 
35 5'-triphosphates. 
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GH28. 
GH29 



DB1 30. 
DB131 



GH28, 
DB131 



DB130, 
GH29 



55 



A-GH63 ®° 



65 



55 



B-UG86 60 



65 



m 9 



FIG. I 
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